Abstract: Characterisation of the point ground electrode placed in the surroundings or inside of the semi-spherical earth inhomogenity and fed by low frequency (LF) current using isolated earthing conductor, is presented in this paper. The ground impedance (resistance and reactance) and potential distribution on the ground surface are determined. Image theory for two-layer semiconducting media, as well as for the one point electrode placed nearby or inside of the spherical body is used during the analysis.
Introduction
The spherical and semi-spherical inhomogenity in the surroundings of the grounding can be presented in analysis and solving of different problems. For example, concrete foundation of the pillar can be approximately treated as inhomogenity of this kind. Also, the obtained results can be used for characterisation (determining impedance, step voltage, touch voltage and potential distribution) of the linear grounding electrode placed at the arbitrary direction in the surroundings or inside of analyzed inhomogenity, treating earth as a semiconducting medium. Combination of the quasistationary image theory for twolayer semi-conducting media and for semi-conducting spherical inhomogenity, was applied. The result of the previously described analysis is the Green's function of the point electrode placed nearby or inside of the semi-spherical earth inhomogenity [1, 2] .
Theoretical Background
The point ground electrode having radius 0 r fed by LF current I and placed inside and outside of the semi-spherical semi-conducting inhomogenity of radius a is observed (Fig. 1a-b) . The electrode is placed at the depth h . The earth is also treated as semi-conducting medium. The normal distance between the electrode and the center of the semi-spherical inhomogenity is L . The center of the spherical coordinate system coincides with the center of semi-spherical inhomogenity. The position of the point electrode is defined by the values of the spherical coordinates
The conductivities, permitivitties and permeabilities of the system shown in Fig. 1a-b 
, where indexes 0, 1 and 2 correspond to the free space, semi-conducting ground and semi-spherical inhomogenity, respectively. The complex conductivities are: 
Determination of the potential and grounding impedance
Procedure of potential determination of the system shown in Fig. 1a -b is based on combine using of the quasistationary image theory for two-layer semiconducting media [1] and image representation of the point electrode placed near the semi-conducting spherical body [2] . In general case, the equivalent system can be formed combining application of image theorem in plane semiconductive mirror and semi-conductive semi-spherical inhomogenity. In obtained case, the condition 0 2 1 , σ >> σ σ is satisfied. After applying the image theory, the equivalent system is formed of point electrode, and its image placed at the distance h above the boundary surface, at normal distance L from the center of the spherical coordinate system. The equivalent image current is I R z10 (when grounding electrode is inside of the inhomogenity) or I R z20 (when source is outside of the inhomogenity), where . Also, in this case, after applying the image theory, the semi-spherical inhomogenity can be treated as a spherical semi-conducting body. The potential of the field point in the ground is obtained as a result of the potential superposition of the source and its images. This potential presents the Green's function for the point electrode placed nearby or inside of the semispherical earth inhomogenity ( Fig. 1a-b ), when
. It is assumed that source and point in which potential is determined are placed in the same te c = ψ -plane of thespherical coordinate system. Now, potential can be expressed as ( 
The distance of the images from the center of the semi-conducting sphere, obtained using the image theory for the spherical semi-conducting body, is labelled with
In the frame of the presented analysis, it is assumed that LF domain is considered ( rad/s 100 Hz, 50
). After determining the potential on the electrode surface U = ϕ , it is possible to obtain the ground electrode impedance that has capacitive character,
Numerical Results
The resistance and reactance of the point grounding ground electrode having radius 0 r and fed by LF current I shown in Fig. 1a (when point grounding is placed outside of inhomogenity), versus the distance L , for differ- (Fig. 1a) . (Fig. 1a) .
The potential distribution on the ground surface for point grounding shown in Fig. 1b, for different   2 1 σ σ ratio as a parameter, is shown in Fig. 5 . The parameters' values are Fig. 6 (when point grounding is placed on the inhomogenity surface), and Fig. 7a-b (when grounding is on the earth surface) .
. When the point grounding is placed in the center of the inhomogenity, it is possible to obtain its complex impedance in the closed form as
(2) (Fig. 1b) .
Also in this case of 0 = h , when the point grounding is placed at large distance from inhomogenity ( a L >>> ), with increasing L , the complex impedance approaches the limit value
The comparison of resistance obtained using expressions (1b) and (2), when point electrode is in the center of the inhomogenity, is presented in . Good agreement between compared results is notable.
The compared results for resistance obtained using expressions (1a) and (3), (the point electrode is at large distance from inhomogenity) are given in Table 2 . (Fig. 1b) . (Fig. 1a) . (Fig. 1a) . 
Conclusion
The potential distribution on the ground surface in the vicinity of the point ground electrode placed inside and outside of spherical inhomogenity and fed by LF current using the isolated earthing conductor, as well as point electrode complex impedance, are determined in this paper. The content of this paper presents introductory analysis for solving more complex problems such as characterisation of the linear ground electrode placed in arbitrary direction in the vicinity of the semi-conducting inhomogenity or inside of the inhomogenity treating ground as a semi-conducting medium.
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